ABSTRACT.--Although there are abundant data on heavy metals from coastal and oceanic seabirds, there is little for interior-nesting species. Heavy-metal and selenium levels in breast feathers of adult and fledgling Franklin's Gulls (Larus pipixcan) were examined in northwestern Minnesota, eastern South Dakota, eastern North Dakota, and central Montana in 1994. Metal levels in the feathers of Franklin's Gulls were within the range reported for other species. However, cadmium levels were at the high end and selenium levels at the low end. There were locational differences in metal levels for all metals for both adults and young. Using the levels in feathers of young as indicative of local exposure: (1) Lake Alice and Sand Lake had the lowest levels of lead and chromium, and the highest levels of mercury; (2) Agassiz and Benton had the lowest levels of manganese; and (3) Benton had the highest levels of selenium, lead, and chromium. There were age-related differences in metal levels for 19 of 24 possible comparisons. Adults had significantly higher levels of metals, except for selenium. Young birds had significantly higher levels of selenium than did adults. 
feathers from adult and fledgling Franklin's Gulls nesting at: Agassiz National Wildlife Refuge, Middle River, Minnesota (40,000 breeding pairs); Sand Lake National Wildlife Refuge, Columbia, South Dakota (55,000); Lake Alice at Devil's Lake National Wildlife Refuge, North Dakota (65,000); and Benton National Wildlife Refuge, Great Falls, Montana (16,000). These are among the largest breeding colonies of Franklin's Gulls. Adults were trapped at the nest using wire traps, and young were captured just before they were able to fly. All birds were banded and released immediately following handling. Feathers were collected from 15 to 19 young at each site, as well as the following number of adults: 6 at Benton Lake; 15 at Sand Lake and Lake Alive; and 64 at Agassiz. All feathers were stored separately at room temperature for later analysis.
Preparation, extraction, and analytical methods were modified from U.S. Environmental Protection Agency (1981) procedures. Feathers were washed vigorously in deionized water alternated with acetone to remove loosely adherent external contamination. Feathers were digested in warm nitric acid with the addition of hydrogen peroxide and subsequently were diluted in deionized water.
Mercury was analyzed by cold-vapor technique, while the other metals were analyzed by graphitefurnace atomic absorption. All concentrations are expressed in parts per billion (ng.g -•) on a dry mass basis using masses obtained from air-dried specimens. Detection limits ranged from 0.3 to about 10 parts per billion (ppb). All specimens were run in batches that included a standard calibration curve and spiked specimens. The recoveries ranged from 90 to 103%, and batches with recoveries less than 85% were rerun.
The CV on replicate, spiked samples ranged from 3 to 5%. Further quality control included periodic blind analysis of an aliquot from a large sample of known concentrations, and blind runs of duplicate samples.
I 
RESULTS
Metal levels of adults and fledglings varied among study sites for all metals (Table 1) . However, the patterns in geometric means were not consistent, suggesting spatial differences in bioavailability. Lead levels in adults were significantly lower at Sand Lake than in the other sites. Mercury in adults was lowest at Agassiz, chromium in adults was highest at Agassiz, cadmium levels in adults were lowest at Lake Alice and Sand Lake, selenium levels in adults were highest at Benton, and manganese levels were highest at Benton and Sand Lake. For feathers of young: Lake Alice and Sand Lake had the lowest levels of lead and chromium and the highest levels of mercury; Agassiz and Benton had the lowest levels of manganese; and Benton There were significant age differences for many of the comparisons (Table 1) . In all cases where there were significant differences, except selenium, adults had significantly higher levels than young. For selenium, young had significantly higher levels than adults, except at Agassiz where there was no difference. There were no age-related differences in cadmium and mercury at Lake Alice and Sand Lake, the two freshwater nesting lakes that were dry for several years during the drought of the late 1980s and early 1990s. 
1989). !n the San Joaguin Valley the key problem was the reuse of agricultural drain water.
Selenium levels in Franklin's Gulls were within the range reported for other birds (Table 2) . However, they were lower than the median reported for other gulls and terns. This indi- There was no clear pattern among sites for adults. Lead was significantly lower at Sand Lake, cadmium was lowest at Sand Lake and Lake Alice, mercury was lowest at Agassiz, selenium was highest at Benton, chromium was highest at Agassiz, and manganese was much higher at Sand Lake and Benton Lake compared to the other sites.
These differences in metal levels in the feathers of Franklin's Gulls suggest that adults from the different breeding colonies are not feeding on the same foods during the winter when these feathers are formed, they are not feeding in the same areas off Peru and Chile, they are mobilizing different levels from internal tissues (derived from exposure on the breeding grounds), or a combination of these. Since the patterns are similar for some metals, the differences may Although all four sites were shallow-water marshes surrounded by agricultural lands, there were differences. Sand Lake and Lake Alice are more vulnerable to drought conditions, and both were dry during the late 1980s and early 1990s. Second, the farmlands around both Sand Lake and Lake Alice are more fertile than the other two sites, and normally have higher production of higher cash-value crops; this might result in more use of pesticides that eventually reach lakes through run-off. were fewer fields immediately surrounding either Lake Alice or Sand Lake that were being plowed during the period when gulls had chicks. At these two locations, the parents may rely primarily on food resources (e.g. insects) obtained directly from the marshes, rather than from the surrounding fields.
Differences in atmospheric deposition or run- Agassiz, Lake Alice, and Sand Lake are all close together, deposition among these sites should be similar. Benton Lake, however, could experience different deposition rates. Levels in the feathers of fledglings from Benton Lake differed from the other sites in that they had the highest levels of selenium, lead, and chromium.
Adult feathers from Benton Lake also had the highest levels of selenium, compared to the other sites. Since Benton Lake is just east of the rockies, increased rain levels may deposit high levels of air-borne contaminants, although underlying bedrocks and local anthropogenic sources are more significant. Age differences.--In a review of metal levels in feathers, I (Burger 1994) reported that there were significant differences in feather levels between adults and young for mercury ( For most comparisons where there was age differences, adults had significantly higher levels of heavy metals than young. For selenium, young had significantly higher levels than adults at three of the four sites. Overall, for Franklin's Gulls, lead (adults had 2.9 x that of young) and chromium (2.2 x ) showed the greatest differences between adults and young (Table  2) . These age-related differences suggest that adults are either bioaccumulating heavy metals that are sequestered in feathers, they are exposed to higher levels of heavy metals on the wintering grounds than the young are exposed to on the breeding grounds, or both. These agerelated differences in metal levels are consistent with the literature (Burger 1994).
However, the finding that young gulls had higher levels of selenium than adults at all sites (although the difference was not significant at Agassiz) is unusual, since the five other studies that have examined selenium levels in feathers have reported that adults had significantly higher levels than young (Burger 1994). This clearly indicates that young are exposed to higher levels of selenium on the breeding grounds than are the adults on the wintering grounds. The levels of selenium in the feathers of fledglings are not high compared to other birds ( 
